INTRODUCTION
Primary percutaneous coronary intervention (PCI) is superior to thrombolysis for acute ST-segment elevation myocardial infarction (STEMI). 1 An important factor affecting outcome in primary PCI is delays to treatment, 2e4 a particular concern after regular working hours, when facilities must be activated and staff brought in from home. Some institutions are therefore concerned that favourable outcomes may be difficult to achieve for patients presenting after hours. In a period of constrained resources, this would not lead to endorsement of routine after-hours procedures, and may in fact lead to scrutiny of how medical facilities operate at night, including more widespread adoption of night shifts. Recent attention has also been directed towards other causes of adverse patient outcomes occurring after hours, mostly related to the effects of sleep deprivation and fatigue on healthcare provider performance, process of care and medical error. 5e13 While none of these data are specifically related to cardiac care, one can postulate that these important factors might be at play in the provision of primary PCI. We have developed a large, populationbased, clinical registry capturing all patients undergoing cardiac catheterisation and revascularisation in Alberta, Canada, which provides a unique opportunity to evaluate outcomes in unselected patients. We sought to describe and compare crude and riskadjusted survival for patients undergoing primary PCI for acute STEMI after-hours to those whose procedures occurred during regular working hours.
METHODS

Data sources
The Alberta Provincial Project for Outcomes Assessment in Coronary Heart Disease (APPROACH) is a clinical data-collection initiative capturing consecutive patients undergoing cardiac catheterisation in Alberta, Canada (population 3 290 350) since 1995. 14 The study population for this analysis consisted of STEMI patients undergoing primary PCI. Rescue PCI patients and those requiring hospital transfer were excluded. Door-to-balloon times for all patients were obtained through linkages to emergency room administrative data, and to the Calgary STEMI quality improvement data registry, which has prospectively collected time-interval data since 2004.
Timing of PCI procedures
Data in APPROACH are entered in real-time, with a database 'clock' for regular working hours (weekdays 0700e1800) or after-hours (weeknights 1800e0700, weekends and holidays). In order to measure outcomes using currently available technology and adjunctive therapy, we limited our assessment to those patients undergoing primary PCI from 1 January 1999 to 31 March 2006.
Outcome measures
Our primary goal was to determine whether after-hours procedures were associated with higher crude and adjusted mortalities at 30 days. A secondary analysis assessed survival to 1 year, though we recognise a priori that many factors can intervene over this period to potentially dilute any influence of the timing of PCI on outcomes.
Statistical analysis
Patient characteristics were compared using c 2 tests.
KaplaneMeier plots and logrank tests were used to determine and compare crude mortalities. Multivariable Cox proportional hazards models were then used to adjust for the effects of baseline risk factors on group survival. The proportion hazards assumption was tested. 16 The variables used for risk-adjustment analysis in these models are the baseline variables recorded in APPROACH (presented in table 1).
14 Additional analysis including door-to-balloon time The distributions of door-to-balloon times were described using simple box plots. These times were then entered as independent variables in the abovementioned multivariable Cox proportional hazards models that included all of the baseline clinical variables, to determine whether adjustment for door-to-balloon times changed the point estimates of our adjusted HRs and were therefore a mediating factor of any potential associations of time of day with mortality. An additional sensitivity analysis using door-to-balloon time #90 min or >90 min (according to current guidelines for optimal performance of primary PCI) was performed, with doorto-balloon time first assessed as a potential confounding variable (through inclusion in the multivariable models), and then as an effect modifier (through stratification on door-to-balloon time).
We performed a meta-analysis of our study's RR for after-hours PCI along with other published studies, to place our findings in the context of what is already known about this important question. A detailed literature search identified all published manuscripts on this topic. The search strategy and study selection procedures are available from the authors upon request. Because of heterogeneity noted in the relative risks across studies (s 2 0.051, p¼0.02), a random effects model was chosen for pooling of results across studies. Statistical analyses were performed using SAS Version 8.1. The meta-analysis was performed using Stata Version 8.
RESULTS
Patient characteristics
From 1 January 1999 to 31 March 2006, 1664 patients underwent primary PCI for acute MI in Alberta. Of these, 54.4% occurred after hours. Table 1 shows the baseline characteristics of regular working hours and after-hours cases. There were no significant differences between the groups in terms of cardiac risk factors, comorbidities, ejection fraction, extent of coronary disease or culprit vessel, with the exception of a higher use of intra-aortic balloon counterpulsation devices (alone or in combination with inotropes) during working hours, and higher use of inotropes alone afterhours.
Crude and adjusted outcomes
Mortalities at 30 days were 3.6% in the working hours group and 5.0% in the after-hours group (p¼0.16). By 1 year, mortalities were 6.2% and 7.3% in the working hours and after-hours groups, respectively (p¼0.35). Figure 1 shows KaplaneMeier survival curves extending to 1 year of follow-up. After-hours patients do appear to have a poorer survival over time. Table 2 shows the HRs and 95% CIs of 1.34 (95% CI 0.85 to 2.12) for after-hours cases relative to working hours cases for survival extending to 30 days (our primary study outcome) and 1.18 (95% CI 0.81 to 1.72) for survival extending to 1 year. After adjusting for the variables in table 1, HRs (HR-1) changed slightly to 1.26 (95% CI 0.78 to 2.02) for survival to 30 days and 1.08 (95% CI 0.73 to 1.59) for survival to 1 year.
Analysis controlling for door-to-balloon times
The median door-to-balloon time was 72.0 min in the working hours group and 80.0 min in the after-hours group (p¼0.007), as demonstrated by the box plots in figure 2 . Table 2 also presents the HRs for survival associated with after-hours procedures, further adjusted for doorto-balloon times (HR-2, 1.23 (95% CI 0.77 to 1.99)). The Time after PCI Figure 1 KaplaneMeier survival curves to 1 year for primary percutaneous coronary intervention (PCI) performed after hours and during regular working hours. sequential analysis for survival to 1 year also revealed a minimal effect of this additional adjustment. The full Cox regression model can be found in appendix 2. An additional sensitivity analysis performed using the doorto-balloon time cutpoints of #90 min and >90 min, treated as a confounding variable through inclusion in the multivariable models, yielded HRs that were essentially the same (30-day survival HR 1.23 (95% CI 0.77 to 1.99)). When considered as an effect modifier in stratified analyses, we found a stronger association for those with longer door-to-balloon times (#90 min HR 1.23 (95% CI 0.63 to 2.42); >90 min HR 1.53 (95% CI 0.76 to 3.09)).
Meta-analysis
To present our study result more explicitly in the context of the existing literature, we performed a meta-analysis of studies examining outcomes in after-hours primary PCI ( figure 3 ). The studies ranged from single centre experiences to large registries, and one clinical trial of PCI strategies (CADILLAC), conducted from 1994 to 2006. Several excluded cardiogenic shock, rescue PCI or transfer patients. 17e21 A tabulated description of these studies is presented in appendix 1. Unadjusted risk ratios ranged from 0.61 to 6.54, with an overall random-effect pooled estimate of RR of 1.23 (95% CI 1.00 to 1.52). This pooled result across 12 studies, including ours, does suggest that there may still be a need to continue exploring the possibility of an association between afterhours procedures and poorer outcomes.
DISCUSSION
Our study adds to a growing body of literature on afterhours medical care. In an unselected patient population, outcomes for after-hours PCI cases did not differ significantly from those of working-hours cases. However, the point estimate from our study suggesting a 23% increased risk for adverse events early after PCI needs to be taken in the context of other studies, some of which have shown poorer outcomes in after-hours primary PCI. Further, the 23% increase seen in this study and our meta-analysis of prior studies is hardly negligible in that it is of similar magnitude to the benefits associated with beta-blocker and thrombolytic therapy for STEMI. 22 23 Interest in after-hours care has heightened with increased international focus on patient safety. Such Figure 2 Boxplots illustrating door-to-balloon times for primary percutaneous coronary intervention performed after hours and during regular working hours. The median door-toballoon time is indicated. The boundaries of the box plots refer to the 25th and 75th percentiles, with the whisker bars representing the 5th and 95th percentiles. issues have received considerable attention in relation to studies that have demonstrated increased mortality in patients with severe medical conditions admitted on weekends, as a direct result of delayed care. 24 Kostis and colleagues also found that weekend admissions for patients with MI were associated with a higher mortality. 25 With primary PCI, concerns about outcomes are most important after-hours cases where the need to bring cardiac catheterisation laboratory staff from home may result in significant treatment delays. Previous investigations show conflicting results. Garot and colleagues assessed 288 primary PCI patients and found similar door-to-balloon times and no differences in in-hospital outcome. 17 However, this study was conducted in a French centre which activates the cardiac catheterisation laboratory from the ambulance and is staffed after-hours by in-house nurses. It is difficult to apply the findings of this study to areas which lack these policies. Zahn et al examined the outcomes of 378 patients treated during regular working hours and 113 patients treated after-hours, where mortality was lower (5.3% vs 8.7%) in the after-hours group. 26 However, eight facilities participated during working hours but fewer at night, raising the possibility of selection bias in afterhours cases. Data from the 2082 patients enrolled in the larger randomised CADILLAC primary PCI trial found that patients who presented after hours had similar 30-day and 1-year mortalities to those presenting during working hours. 18 In contrast, in 1702 consecutive primary PCI cases, Henriques et al found that patients treated off-hours had a higher incidence of failed PCI and worse clinical outcomes, including increased 30-day mortality. 27 We noted a lack of effect of controlling for door-toballoon times on our point estimate of RR, even when using the accepted clinical cutpoint of #90 min as a confounding variable. When treated as an effect modifier in stratified analyses, we found a stronger association of hazard for those with longer door-to-balloon times (>90 min), suggesting that the impact of the after-hours construct is even greater when treatment is delayed. These findings, and the potential signal of harm suggested by the meta-analysis presented here, require us to consider other possible contributing explanations for increased mortality in after-hours patients. One possibility is that physician fatigue could influence procedural performance, well represented in the anaesthesia literature. 6e8 In addition, in a study of the effect of heavy night call in residents, Arnedt et al found that postcall impairment was at least equivalent to the ingestion of 3e4 standard alcoholic drinks. 9 Other investigators have found that manual dexterity and surgical skills may be specifically vulnerable to sleep deprivation.
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Staffing levels also tend to be lower on weekends and holidays than during working hours, despite often increased patient acuity, and are a potential contributor to suboptimal patient safety at such times. Another important concern relevant to our cohort relates to the fact that all revascularisation procedures in Alberta are performed in academic tertiary care centres, and overnight care outside the cardiac catheterisation laboratory is generally provided by junior housestaff. Serious medical errors and pronounced increases in after-hours mortality have both been demonstrated in major teaching hospitals, whereas after-hours admissions to tertiary care intensive care units with on-site attending physicians are not associated with increased mortality.
13 31e33 Thus, the combination of relatively inexperienced housestaff, low staffing and fatigue among providers may be responsible for some of the suggestion of increased hazard associated with after-hours primary PCI.
There are limitations to this study. Like other investigators studying acute MI care, we do not have any data regarding symptom onset-to-balloon time, which is difficult to characterise at night, as the perceived time of symptom onset may not reliably reflect actual ischaemic time, and patients who are at home when symptoms occur may be less likely to promptly seek medical attention. All PCI procedures were performed by experienced operators at high-volume academic centres, so our results may not be generalisable to patients in other settings, or to hospitals that do not rely upon trainees for major provision of after-hours care. Finally, our thoughts as to the other potential influences on after-hours outcomes remain speculative, as none of the abovementioned studies are specific to cardiology.
The above notwithstanding, our findings do not support abandoning after-hours primary PCI in favour of thrombolysis. Given that the major studies of primary PCI versus thrombolysis would have included at least some after-hours patients in both treatment arms, it is unlikely that the benefit of primary PCI would be entirely negated after-hours. In addition, potential factors influencing outcomes after-hours could also apply to patients receiving thrombolysis.
In conclusion, our study findings suggest that primary PCI can be performed outside a clinical trial with acceptable short-and long-term mortalities, during working hours and after-hours. However, our findings taken in the context of other after-hours primary PCI studies, with an almost 25% increase in the risk for short-term mortality, do not provide complete reassurance; nor do they indicate complete equivalency of outcomes to working-hours procedures. This summary finding remains a concern and may be related to previously unexplored areas in afterhours care. Patient satisfaction will also need to be considered. Further research is thus still required to determine whether processes and quality of care are influenced by understudied areas such as fatigue, staffing levels, physician experience or other factors. 
